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homolog-1 (LRH-1), a regulator of cholesterol and bileActivation Incarnate
acid metabolism. Although lacking known ligands, LRH-1
can activate target gene transcription constitutively.
Sablin et al. reveal that helix 12 of LRH-1 is twisted
into an agonist-like conformation, even when the LRH-1Three new publications reveal that the nuclear recep-
ligand binding pocket is vacant. This constitutively ac-tors LRH-1, DHR38, and Nurr1 can assume active con-
tive conformation arises from the packing pressure offormations in the absence of a ligand agonist. These
an atypically long “helix 2,” which confers on LRH-1reports help elucidate how transcriptional regulators
inherently the allosteric changes bestowed on other re-are themselves regulated.
ceptors by agonist. In essence, the unliganded LRH-1
is preconfigured to recruit coactivators and to activateThe Roman deity Janus served as a guardian of gates
transcription. Several additional points of interest wereand portals. Had the ancient world been more proficient
noted. (1) The coactivator binding surface in LRH-1 dif-in molecular biology, Janus might also have been identi-
fers in its details from that found in prototypic agonist-fied as the guardian of nuclear receptors, as illustrated
bound nuclear receptors; as a result, coactivators mayin three new reports appearing in Cell, Molecular Cell,
bind to LRH-1 by utilizing nontraditional receptor sur-and Nature (Baker et al., 2003; Sablin et al., 2003; Wang
faces, or LRH-1 may use novel coactivators in place ofet al., 2003) These accounts provide novel insights into
the usual suspects. (2) LRH-1 contains a well-formed, ifhow nuclear receptors are regulated through the opera-
empty, ligand binding pocket. Agonists and antagoniststion of a molecular gate that admits or excludes tran-
may yet be discovered that can occupy this pocket andscriptional coregulators and how the keeper of this gate
modify the “constitutive” conformation and transcrip-follows different rules for different nuclear receptors.
tional properties of LRH-1.Nuclear receptors are transcription factors that con-
Baker et al. and Wang et al. tell a related story, buttrol many key events in metazoan differentiation and
with a twist. DHR38 is a Drosophila orphan receptorhomeostasis. All nuclear receptors can modulate the
implicated in larval development and metamorphosis;expression of specific target genes. Many nuclear re-
mammalian orthologs include Nurr1, NFGI-B, and NOR.ceptors possess an additional talent: the ability to bind
Baker et al. report that helix 12 of DHR38 is in a seques-and be regulated by small hydrophobic ligands, includ-
tered position similar to that found in agonist-bounding metabolic intermediates and endocrine hormones.
receptors and in LRH-1. Intriguingly, the DHR38 “ligandBinding of ligand modulates receptor function by alter-
binding pocket” is neither empty nor bound to ectopicing the receptor’s affinity for auxiliary proteins, denoted
ligand but is instead filled by phenylalanine side chainscorepressors and coactivators (Glass and Rosenfeld,
contributed by the receptor itself. It is likely that this2000). Nuclear receptors typically recruit corepressors
hydrophobic amino acid core, rather than an extended
in the absence of a ligand or in the presence of ligand
helix 2, helps stabilize the agonist-like helix 12 confor-
antagonists but release corepressors and bind to coacti-
mation in DHR38. The LRH-1 and DHR38 stories diverge
vators in the presence of ligand agonists. Once re- in other ways. The DHR38 helix 12 is slightly displaced
cruited, corepressors and coactivators modify the chro- from the canonical agonist position, and the DHR38
matin template or interact with the transcriptional sequence differs at locations that, in other receptors,
machinery to suppress or enhance target gene ex- make important coactivator contacts. Despite this lack
pression. of a prototypic coactivator binding surface, DHR38 can
The contrivance that operates this ligand-driven ex- induce transcription when assayed with an appropriate
change of corepressors and coactivators is a nanoscale heterodimer partner, such as a liganded retinoid X re-
molecular gate, “helix 12,” located at the receptor C ceptor. Still more strangely, transcriptional activation
terminus (Glass and Rosenfeld, 2000). The generic helix by DHR38 is further increased by ecdysteroids (natural
12 is thought to assume an extended position in the products implicated in Drosophila development). Alas,
absence of ligand, permitting corepressors to bind to a the DHR38 story ends in a scientific cliffhanger: it is
nearby docking site on the receptor (Figure 1). Binding unclear how ecdysteroids achieve this immaculate acti-
of agonist reorients helix 12 to a sequestered position vation in the absence of a cognate ligand binding pocket
that blocks the corepressor binding site while simultane- in DHR38. DHF38 is not, however, just an example of
ously forming a new docking surface for coactivators insect exotica. Wang et al. report that the mammalian
(Figure 1). Antagonists can torque helix 12 into yet addi- Nurr1 ortholog closely resembles DHR38 both in struc-
tional positions that further enhance corepressor bind- ture and in the ability to activate transcription constitu-
ing while preventing coactivator binding (Figure 1). tively and demonstrate that this Nurr1 activity is down-
The publications highlighted in this Preview describe modulated by a Ret tyrosine kinase signaling pathway.
three “orphan” nuclear receptors that deviate from this Future sequels resolving the mechanisms behind
generic model. Orphan receptors share the same overall DHR38 regulation by ecdysteroids and Nurr1 regulation
molecular architecture with other nuclear receptors yet by kinases are eagerly awaited.
have no known ligand. How then do these orphans con- A small cadre of other nuclear receptors are also
trol the recruitment of corepressors and coactivators? latched into active conformations in the absence of ago-
nist, although by mechanistically diverse means. ForSablin et al. answer this question for the liver receptor
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Figure 1. Model of Regulation of Nuclear
Receptor Function
A schematic representation of a generic nu-
clear receptor bound to DNA is presented.
Two partially overlapping surfaces within the
receptor are highlighted: a corepressor inter-
action site (red) and a coactivator interaction
site (green). Binding of antagonist by the nu-
clear receptor alters the position of a C-ter-
minal helix 12 (gray), blocking the coactivator
interaction site and stabilizing corepressor
recruitment (left); binding of agonist has the
reverse effects (right). Some nuclear recep-
tors can also recruit corepressor in the ab-
sence of any hormone ligand (center). The
unliganded LRH-1 and DHR38 orphan recep-
tors mimic the conformation assumed by
other receptors in the presence of agonist
(right).
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The ancestry of animal segmentation has been a long-The Ancestry of Segmentation
debated topic. Three of the major animal phyla, arthro-
pods, annelids, and chordates, display an obvious pat-
tern of segmentation. It is unclear, however, whether
or not segmentation in these groups is independentlyRecent studies of segmentation in the spider suggest
derived or the consequence of the derivation of thesethat the ancestral vertebrate and arthropod segmenta-
three groups from a common ancestor that was seg-tion mechanisms utilized the Notch signaling pathway
mented (Davis and Patel, 1999).and bolster the argument that segmentation is an an-
cestral feature of all bilaterians. Several lines of evidence suggest that segmentation
